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The caffeine concentration in a number of selected beverages, including 
coffee, cola beverages, and teas, was determined using the following analytical 
techniques: the Kjeldahl (Bailey-Andrew) preparation method, the Levine method, 
the Trade Goods Analysis method (TGA), and High Pressure Liquid Chromatography 
(HPLC). These methods were compared with respect to their precision, accuracy, 
and reproducibility. It was concluded that HPLC affords the best mechanism for 
determining caffeine concentration because of the ease with which the techniques 
are performed and the quality of results obtained. 
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INTRODUCTION 
Caffeine is known by several chemical designations, including 1,3,7- 
trimethylxanthine; l,3,7-trimethyl-2,6-dihydroxypurine; theine; guarine and 
methyltheobromine. The chemical formula is CgH^N^C^. It occurs in tea, 
coffee, guarana, mate (Paraguay tea), kola nuts and cacao. Purine is the parent 
substance of the group of alkaloids to which caffeine belongs. It is the most 
commerically important of the alkaloids and is closely related to theobromine and 
theophylline, which are found in cacao beans and tea leaves respectively.^ 
Caffeine was first isolated as a pure substance by Runge in 1820.^ Caffeine 
is widely used in pharmaceuticals as a free base or in mixtures such as "citrated 
caffeine" or "caffeine and sodium benzoate". It is a stimulant of the central 
nervous system and also is a diuretic, although its action as a diuretic is weaker 
than that of theophylline. Caffeine provides relief from minor fatigue and 
neuralgia, and it is useful for headaches originating from eyestrain. It is also used 
in so-called "caffeine tablets" to produce prolonged wakefulness and in popular cola 
beverages because of the mild "pick up" that it affords. 
The purine alkaloids (caffeine, theobromine and theophylline) are derivatives 
of xanthine (shown on the following page). These principal alkaloids are major 
constituents of plants used throughout the world in stimulating beverages and have 
a number of pharmacological properties in common. Central Nervous System (CNS) 
and respiratory stimulations, skeletal muscle stimulation, diuresis, cardiac 
stimulation and smooth muscle relaxation are observed pharmacological actions of 
these alkaloids. In the CNS and respiratory stimulations, the relative order of 
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activity is: caffeine is greater than theobromine which is greater than 
theophylline. In the rest, the relative order is: theophylline is greater than 
theobromine which is greater than caffeine.^ 
Theobromine Theophylline 
Cola nuts are the dried cotyledons of seeds of various species of Cola 
(Streculiaceae) trees indigenous to the West Indies, Brazil, Jama, and West Africa. 
The theobromine content is usually low. The purine derivatives are bound naturally 
to a tannin and this complex is split during the drying process. 
Coffee consist of seeds of Coffee arabica L. (Rubiaceae) and other members 
of the coffee genus. The seeds contain caffeine bound to chlorogenic acid. 
Tea is composed of the leaves and leaf buds of Cammelia sinensis (Theaceae). 
Indigenous to eastern Asia, the plant is widely cultivated in China, Japan, India and 
Indonesia. Tea contains caffeine together with small amounts of theobromine and 
theophylline. 
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Caffeine is odorless, has a very bitter taste, and is efflorescent in air. It is a 
« 
neutral compound. The substance occurs as a white powder or as long, white silky 
needles which interweave readily to form light fleecy masses. It is very soluble in 
boiling water, from which it crystallizes as a monohydrate. From organic solvents, 
it crystallizes as an anhydrous material. Anhydrous caffeine melts at 233-237.5° 
and sublimes at 175° at atmospheric pressure without decomposition. 
The purpose of this research was to determine the caffeine concentration of 
three substances (tea, coffee, and selected cola beverages) for purposes of 
selecting the best method of obtaining this data. The method employed for 
caffeine concentration determination was high pressure liquid chromatography 
(HPLC). This method was then compared with previously utilized methods 
including the Kjeldahl method, the Bailey-Andrew method, the Levine method and 
the Trade Goods Analysis (TGA) method. 
EXPERIMENTAL 
Each of the following methods was employed to determine the caffeine 
concentration in tea, coffee and selected beverages. 
Kjeldahl Micro-Bailey-Andrew Method 
To 2 g of regular coffee or 1 g of regular instant coffee was added 5 g 
powdered MgO in a weighed 500 ml erlenmeyer flask. Approximately 150-200 ml of 
h^O was added and heated to boiling. The mixture was allowed to boil for 45 min 
with occasional shaking. Water was added when necessary to prevent frothing. The 
final weight of the T^O was 100 g after cooling to room temperature. The total 
weight of the mixture was determined by subtracting the sample weight and the 
water weight (105 g) from the weight of the flask. 
From the sample, a 50 ml solution was obtained by filtering directly into the 
50 ml graduate. The solution was then transferred to a 125 ml separator. This was 
followed by washing the graduate with 2 mi of water which was added to the 
separator. Four milliliters of 10% F^SO^ was added. From the separator, caffeine 
was extracted using five 10 ml portions of CHCly Each extraction was vigorously 
shaken for 1 min. An emulsion formed, which was allowed to break. Then the 
CHCl^ was drained into a 125 ml separator. To this was added 5 ml of a 1% KOH 
solution followed by shaking. The emulsion which was formed was allowed to 
break. The CHCl^ was again drained through a cotton plug into a 30 ml Kjeldahl 
flask. The KOH was extracted with a 5 ml portion of CHCl^ and this was added to 
the Kjeldahl flask. To the Kjeldahl flasks was added 1.9 g ^SO^, 40 mg HgO, and 
2.0 ml H^SO^. Boiling chips were added and washed down the neck of the flask 
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with 3 ml CHCly since the powdery flakes of mercuric oxide stick to the sides of 
the neck of the flask. 
Using a digestion rack which has a boiling time of 2.5 min, the sample was 
digested for 1 hr after all water was distilled and the acid came to a true boil. The 
sample was cooled and a minimum volume of water was added to dissolve solids. 
Following repeated cooling, the thin film of parafilm was placed on the rim of the 
flask. The digested sample and boiling chips were transferred to a distillation 
apparatus and flasks were rinsed with 1-2 ml portions of water. A beaker 
containing 5 ml of H^BO^ solution and 2-4 drops of indicator (methyl red-methylene 
blue) was placed so as to gather the distillate. The distillation apparatus was 
outfitted with a condensor whose tip extended below the surface of the solution so 
that the NH^ would not escape. 
To the still of the distillation apparatus was added 8 ml of a NaOH-Na2S20^ 
solution which was collected in the 50 ml beaker containing the boric acid solution. 
The solution was removed and titrated to a gray end point using 0.1 N HC1. The 
calculation was then executed to determine % nitrogen concentration using the 
following formula: 
%N = (ml HC1 - ml blank) X normality X 14.002 X 100 /mg sample 
The procedure was repeated for all 6 coffee samples on 3 separate occasions. 
Levine Method 
Preparation of Sample. - Ground sample (0.1 g) was placed in a 100 ml beaker. To 
this was added 5 ml of 33% NaOH before heating for 2 min in a steam bath. Celite 
545 (6 g) was added and mixed thoroughly. 
Preparation of Column. - The acid column (25 X 250 mm tube) was fitted with a 
fine glass wool plug in the base. To the column was added a mixture of 2 ml 4N 
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E^SO^ and 2 g Celite 545 which had been kneaded with a spatula blade and tamped 
gently to form a uniform mass. A small glass wool wad was placed above this. 
The basic column (25 X 250 mm tube) had two layers. Over a glass wool plug 
was placed the bottom layer which consisted of Celite 545 and 4 ml of 2N NaOH. 
The upper layer consisted of a Celite mixture and the sample prepared as indicated 
above. On top of this was placed 1 gm of dry Celite 545 which was tamped gently 
to a uniform mass. 
Caffeine Determination. - The basic column was mounted above the acid column as 
indicated in Figure 1. Ether (water saturated, 150 ml) was passed sequentially 
through the basic column to the acid column and discarded. A small portion was 
used to wash residue from the 100 ml beaker onto the basic column. This was 
followed by passing 150 ml of ether through the acid column before discarding. A 
100 ml volumetric flask was placed under the acid column. Chloroform (water 
saturated, 100 ml) was then passed through the acid column while the first portions 
were used to wash the tip of the basic column. The contents of the volumetric 
flask were then diluted with 100 ml of water-saturated CHCl^. The contents of the 
flask were then mixed, and the absorbance was read at 276 nm against water- 
washed CHCl^ blank. 
Caffeine standards were prepared containing 0.25 mg, 0.50 and 0.75 mg/ 100 
ml in water- saturated CHCl^. These were established for standards for occasional 
checking while using the Perkin-Elmer 124 D double beam spectrophotometer. The 
concentration of caffeine was determined against the prepared standards. 
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Ether: 150 ml 
Sample: 
O.S gm Coffee 
6.0 gm Celite 
5.0 ml FLO 
1.0 drop MCL 
Celite: 6.0 Celite 
4.0 ml 2N-NaOH 
Glass Wool 
CHCly 50 ml w/w 
Celite: 2.0 gm Celite 
.0 ml 4N-H2S04 
Glass Wool 
//2. Run ETO (150 ml w/w) 
thru //1, discard. 
//1. Run CHC1 , (50 ml w/w) 
after all ETO has passed 
thru. Collect. Read for 
Caffeine. 
Figure 1 . Diagram illustrating packed columns for the Levine method. 
TGA Method 
Standard solutions used in this method include the following: 
Solution No. 1. To obtain a 1-1 % solution of potassium permanganate, 30 g 
of this substance was added to 2 liters of water. For each sample, 5 mg was 
used. 
Solution No. 2. To obtain a 10% solution of potassium thiocyanate and sodium 
sulfite, 200 g of each was added to 2 liters of water. For each sample, 10 ml 
were used. 
Solution No. 3. To obtain a 15% solution of phosphoric acid, 150 ml of 75% 
phosphoric acid was added to 750 ml of water. For each sample, 1 ml was 
used. 
Solution No. 4. To obtain a 25% solution of sodium hydroxide, a kilogram of 
material was added to 4 liters of water. For each sample, 1 ml was used. 
For rapid determination, an acid-reducing solution was prepared by mixing 
200 ml of phosphoric and 60 g of hydroxylamine hydrochloride made to 1 liter. For 
each sample, 1 ml was used. 
In a 125 ml separatory funnel was placed 10.3 ml of sample. To this was 
added 5 ml of solution no. 1. This was mixed and allowed to stand for 5 min. 
Solution no. 2 (10 ml) and 1 ml of solution no. 3 were added to 1 mi of solution no. 
4. The mixture was extracted with two 45 ml portions of chloroform. The extract 
was filtered through paper directly into a 100 ml volumetric flask. This was made 
to mark with chloroform, thoroughly mixed and analyzed on the Beckman DU at 
276.4 mu. The absorbance multiplied by 20 provided the mg per 100 ml. 
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HPLC Method 
A Waters chromatographic instrument (Model 600 A) that contained a pump 
which was capable of delivering solvent through the column at pressures of 3000 psi 
(flow rate of 2 ml/min) and rated not to exceed 5000 psi was used for the HPLC 
analyses. This instrument has an automatic injector with a fixed loop. A column of 
sufficient strength to give the needed separation and a UV detector were used to 
detect the compounds eluted from the column at a fixed wavelength of 254 nm. An 
X-Y recorder was used to record the detector response. Two phases are used in the 
HPLC technique, a stationary and a mobile phase. The stationary phase is swept 
through by a fluid at a rate dependent on the mutual interaction of components. 
Thus the rate of passage of the sample component through the stationary phase 
achieves separation. In the mobile phase, a fluid (which gives liquid 
chromatography its name) is introduced at the beginning of the stationary phase. 
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The mobile phase is sometimes referred to as the eluent or solvent. 
The solvent used consisted of 2096 acetic acid and 0.75% 2-propanol (pH 3.0). 
The solvent was prepared by adding the two substances in a beaker to make 80% 
total volume with millipore water. The pH was adjusted to 3.0 with sodium acetate 
solution. It was then transferred to a volumetric flask and made to volume. 
Solvent preparation was crucial to obtaining a good separation. The solvent 
(isocratic) used was filtered and completely degassed using a millipore system. It 
was then placed in a flask with a stirring bar, elevated, and pumped through the 
column and system for approximately 15 min to allow equilibration. After 
equilibration, 5 or 6 dummy samples were analyzed before starting the run. This 
was done to maximize sensitivity which can be varied to accommodate the majority 
of the samples. If only a few samples got off scale, they were rerun at high 
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attenuations. At the end of the runs, the system was pumped through with 20% 
MeOH and 2% HOAc for 1 5 min to return the column to a restored state, Then the 
column was disconnected and stored with 20% MeOH/2% HOAc inside. To achieve 
better resolution, the solvent system used was altered. The second solvent used 
consisted of the same solution in which the columns was stored (20% MeOH/2% 
HOAc). 
The sample preparation procedure used in HPLC is minimal. The coffee and 
tea samples were liquified by addition of water (diluted to 1:500). Dilution was not 
required for beverage samples. Results of caffeine determination were provided by 
a PDP 8 miniprocessor computer interfaced to the HPLC in mg per 100 ml. 
DISCUSSION AND RESULTS 
Data from HPLC was obtained by separation of nonpolar components using 
the reverse-phase technique. This technique has a sequential analysis similar to 
other column separations which means that the sample or mixture first separates 
by size and then by affinity. These separations occur inside the packed column. 
The mobile phase is used as the carrier for components separated. 
Using a fixed wavelength detector of 254 nm, the results were printed on a 
chromatogram. The chromatogram is an analog plot of the concentration of solute 
in the column eluates with respect to time. The column eluates having a flow rate 
of 2 ml/rnin and injection volume of 25 ml gave separation of caffeine, theobromine 
and theophylline as shown in Figure 2. The resolution exhibited continuous 
reproduction throughout the chromatogram. The concentration of the compounds 
was obtained by using the formula: 
standard concentration 
standard peak height 
X Unknown peak height = concentration of 
unknown. 
Calculations for all HPLC chromatograms were performed by hand or by computer. 
The hand method measures peak height in centimeters using a ruler. A Digital 
PDP/8 miniprocessor computer was interfaced to the detector to provide results in 
mg per 100 ml. Each method requires a comparative standard in order to 
determine the concentration of the unknowns. Data from the computer method is 







































Table 1. HPLC Results from Analysis of Samples* 
Type of Sample mg of sample/100 ml 
Tea 1 7.49** 
Tea 2 8.85 
Tea 3 6.84 
Tea 4 27.68 
Tea 5 11.40 
Tea 6 9.61 
Cola A 8.20 
Cola B 9.80 
Cola C 14.00 
Coffee 1 3.09 
Coffee 2 2.96 
Coffee 3 6.72 
Coffee 4 4.30 
Coffee 5 2.02 
Coffee 6 4.57 
Coffee 7 2.28 
Coffee 8 2.69 
* All coffees and teas were filtered using a gelman 47 nm glass fiber filter, Type 
AE, after dilution. Conditions of the run were solvent: 20% MeOH and 2% HOAc, 
retention time: 10 min/sample, flow rate: 2 ml/min, injection volume: 23 y 1, 
wavelength: 234 nm (fixed), AUFS: 0.5 
♦♦Standards Used: 











The computer calculates mg/100 ml in a fashion similar to the hand method 
by using the area of the peaks to determine concentration rather than peak heights. 
Both methods were compared and results showed the hand method to be more 
accurate. However, the difference in accuracy is not so great as to recommend the 
hand method over the computer method. 
The chromatograms of each of the samples tested illustrated that caffeine 
has the same retention time which indicates that the sample matrix does not alter 
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sample separation. The ease of sample solvent preparation for HPLC recommends 
this method. 
Data from the TGA method was obtained using a spectrophotometer with 
flow-through sampling capabilities. Flow through sampling allows a constant 
transmittance of light through the sample giving a more comparable sample size. 
Concentration of the sample was determined using the formula: 
absorbance of sample = concentration of sample 
absorbance of standard concentration of standard 
which was converted to % w/w by the formula: 
concentration of sample X 100 = % w/w 
total weight 
Results from the TGA method are compared to other methods in Table 2. 
The table shows better extraction values than earlier methods (Levine, Kjeldahl). 
The results for the Levine method, also given in % w/w, were tabulated by a Wang 
computer using a geometric progression formula programmable only to the 
instrument. In the TGA method, the absorbance of each sample was recorded on a 
manual tape printer which was activated when a constant absorbance reading 
appeared on an interfaced meter. 
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Table 2. A Comparison of Results of Analysis for Caffeine Using Three 
Methods. 
Type of Coffee Sample Size 
(g) 
96w/w** 
Kjeldahl Levine TGA Std. Dev. 
Regular Green 1.00 1.09 0.97 1.34 .19 
Regular Roasted 1.00 1.16 1.08 1.31 .12 
Regular Soluble* 1.00 1.85 5.30 3.80 1.73 
Soluble Decaffeinated* 2.00 0.15 0.15 0.26 .06 
Decaffeinated Roasted 2.00 0.06 0.09 0.15 .05 
Decaffeinated Green 2.00 0.10 0.06 0.15 .05 
*The soluble (regular and decaffeinated) results differed in percentage of 
caffeine, probably due to its powdery matrix which affects solubility and 
caffeine distribution in the sample. 
**%w/w 




TGA was designed for cola beverages containing caffeine, but was used to 
extract caffeine from coffee. Since the structural composition of coffee presents 
greater complexity for caffeine removal than that of other samples tested, coffee 
was selected for comparison in each method considered. The major drawback of 
this method is that it requires the use of chloroform, a very hazardous solvent, and 
so mandates the use of extreme caution. 
Figure 3 presents results of caffeine determination using the Coleman 124 
spectrophotometer. The 1 centimeter cell used should be thoroughly cleaned 
before use because dirt causes erroneous results. A stable zeroing of the 
absorbance meter on the instrument is warranted so as to preclude any measurable 
interference. 
Once samples are collected from the columns in flasks and made to volume, 
they are then tested inside the cell for caffeine concentration via absorbance 
readings. 
Before sample collection, columns are hand packed which can lead to 
channeling from loosely packed celite which sometimes does not reveal itself until 
the solvent has entered the system. Solvents used in this method (ether and 
chloroform) are hazardous and their use requires precaution. 
A second means by which the calculations of % w/w can be determined is by 
the following formula: 
<v » _ concentration ygm/tnl  
W W (weight of coffee in gms) 200 X 0.05 
where 0.05 is the dilution factor. 
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His 3. Spectrum of coffee run using 124 Spectrophotometer 
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The Kjeldahl Micro-Bailey Andrew method was designed specifically for nitrogen- 
containing compounds. Coffee, a nitrogen-containing substance, has a % caffeine 
concentration that can be derived after a complete breakdown of the substance 
into its elemental constituents (C, N, O). By learning the number of nitrogens 
present in the sample, one can back-calculate the caffeine concentration using the 
following formula: 
% caffeine = (nnlofHCI - blank) X N X 194.19/0 x 
mg of sample 
where N = 0.0227, and where 194.19/4 equals the weight of the caffeine. 
The percent recovery of the Kjeldahl method was approximately 84% of the 
caffeine. This method gave the lowest results of caffeine concentration of all 
methods considered using the same samples. The results are presented in Table 2. 
Erroneous data can be obtained from any method, but the Kjeldahl method 
requires sequencing of the catalyst and other chemical reagents which, if 
performed inadequately, will give inaccurate results. Therefore, results obtained 
using this method are generally harder to reproduce. 
Because familiarity with the techniques required for each method is 
necessary before data can be collected, each method was performed several times 
to gain proficiency with these techniques. Sufficient data was collected to serve 
the purpose of choosing a best method for determining caffeine concentration. 
Future work in this area might focus on the age of the caffeine, since natural 
caffeine is a substance which suffers from demand and supply. Carbon dating, 
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using liquid scintillation, might be useful in such an investigation. 
CONCLUSION 
In an effort to ascertain the best method for determination of caffeine con¬ 
centration in selected beverages, several procedures were utilized. Each method 
used is evaluated below. 
The advantage of the Kjeldahl method is that it can be used on any organic 
substance that contains nitrogen. This method is very time-consuming, however, 
and nitrogen can be lost if insufficient reagents are added. Nitrogen oxides may 
result, for example, when insufficient sodium thiosulfate is added before the 
digestion process. Introduction of a suitable reducing agent prior to the digestion 
step is necessary to assure conversion of the element to an oxidized state that 
gives ammonium ion upon treatment with sulfuric acid. 
The Levine method showed higher values for the extraction of caffeine than 
did the Kjeldahl method. The former method involves the use of hand-packed 
columns for the extraction process. This introduces the possibility of channelling. 
In addition, the reagents which are required by this procedure are hazardous. 
The TGA procedure affords even higher values for the extraction of caffeine 
than the above-mentioned methods. In addition, it is not as time-consuming as 
those methods. Even though this procedure was developed for use with cola 
beverages, it provided better results with coffee than the other two methods which 
were designed for use with that beverage. However, this procedure requires the 
use of chloroform which is an extremely volatile and hazardous substance. 
HPLC proved to be the most useful technique for the determination of 
caffeine concentration in selected beverages. One advantage it offers is that it 
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requires the least amount of time for sample preparation and accomplishment of 
results. There are no hazardous compounds involved in this procedure. Although 
the apparatus required is costly, the resolution of compounds exceeds that of other 
procedures used. 
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